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Description 

This invention relates to a method for sustaining cells and pixels of plasma panels, plasma display panels, elec- 
troluminescent panels, LCD's or the like and a circuit for carrying out the method. 

BACKGROUND OF THE INVENTION 

Plasma display panels, or gas discharge panels, are well known in the art and. in general, comprise a structure 
including a pair of substrates respectively supporting thereon column and row electrodes each coated with a dielectric 
layer such as a glass material and disposed in parallel spaced relation to define a gap therebetween .n which an ionized 
oas is sealed Moreover, the substrates are arranged such that the electrodes are disposed in orthogonal relation to 
one another thereby defining points of intersectton which in tum define discharge cells at which selective discharges 
may be established to provide a desired storage or display function. It is also known to operate such panels with AC 
voltages and particularly to provide a write voltage which exceeds the firing voltage at a given discharge point, as 
defined by a selected column and row electrode, thereby to produce a discharge at a selected cell. The discharge at 
the selected cell can be continuously "sustained" by applying an alternating sustain voltage (whfch. by itself is insuffi- 
cient to initiate a discharge). This technique relies upon the wall charges which are generated on the dielectnc layers 
of the substrates which, in conjunction with the sustain voltage, operate to maintain discharges. 

Details of the structure and operatton of such gas discharge panels or plasma displays are set forth in US-A- 
20 3,559,190 issued January 26, 1971 to Donald L. BiUer, et al. 

In the past two decades, AC plasma displays have found widespread use due to their excellent optical qualities 
and flat panel characteristics. These qualities have made plasma displays a leader in the flatipanel display market. 
However, plasma panels have gained only a small portion of their potential market because of competition from lower 
costs CRT products. ^ , . , 

2S The expense of the display electronics, not the display itself, is the most significant cost factor in plasma displays. 

Because of the matrix addressing schemes used, a separate voltage driver is required for each display electrode. 
Therefore, a typical 512X512 pixel display requires a total of 1024 electronic drivers and connections which add con- 
siderable bulk and cost to the final product. *u 
In US-A-4 772 884 (U S Patent Application Serial Number 787.541 filed October 15, 1985). and assigned to the 
30 same assignee as herein, there is described an Independent Sustain and Address (ISA) plasma panel. Also, see the 
publication L F Weber and R.C. Younce. "Independent Sustain And Address Technique For The AC Plasma Display . 
1986 SQcietv For Information Display Intamatlonal Symposium Conference Record, pp. 220-223, San Diego. May, 
1 986 The ISA plasma panel technique includes the addition of an independent address electrode between the sustain 
electrodes. These address electrodes are then connected to the address drivers. The sustain electrodes can be bused 
35 together and connected directly to the sustalners. , ^ 

The ISA plasma panel offers two significant advantages. First, since the address electrodes do not have to deliver 
the large sustain current to the discharging pixels, the address drivers have low current requirements. This allows lower 
cost drivers to be used. The second advantage is that only half the number of address drivers are needed smce one 
address electrode can serve the sustain electrode on either side. 
40 Despite the significant advantages afforded by the ISA panel, it is still desired to reduce as much as possible the 

manufacturing cost of such panels. However, while the ISA panel has enabled a reduction of the address drivers of a 
typical 512X512 pixel display from 1024 electrons address drivers to only 512 drivers, this is still a significant number 
of required electronic components. In fact, the plasma panel cost is dominated by the cost of the associated required 
electronic circuits such as the addressing driver circuits and sustain driver circuits. In additkjn, it is desired to reduce 
45 the amount of energy normally lost in charging and discharging the capacitance of the plasma panel- 
It is therefore the object of the invention to provide a method and a circuit to reduce the cost and operational cost 
of plasma panels, plasma display panels, electroluminescent panels. LCD's or the like by reducing the cost/operational 
cost of the associated electronics. 

so SUMMARY OF THE INVENTION 

The general concept of the present invention is based on the fact that plasma panels as described above comprise 
a panel capacitance which needs to be charged and decharged for sustaining stored informatton. 

In accordance with the present invention, a sustaining method and a power efficient sustainer circuit have been 
ss developed for use with flat panels having substantial inherent panel capacitance due to the panel electrodes, such as 
plasma display panels, electroluminescent panels, liquid crystal displays, etc. The new sustain driver circuit uses in- 
ductors in charging and discharging the panel capacitance so as to recover 90% of the energy normally lost in driving 
the panel capacitance. Accordingly, a plasma panel incorporating a power efficient sustain driver circuit according to 
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the present invention can operate with only 10% of the energy normally required with prior art plasma panel sustaining 
circuits. 

BRIEF DESCRIPTION OF THE DRAWINGS 

5 

Figures la. 1b, 1c are schematic representations of switch devices useful in explaining an address circuit driver; 
Figure 2 is a plan view of a plasma panel with open-drain address drivers and sustain drivers; 
10 Figure 3 are waveform diagrams useful in understanding the operation of Figure 2; 

Figure 4 are waveform diagrams showing an expanded view of the section of Figure 3 labeled 4-4; 
Figure 5 is a schematic circuit diagram showing an ideal model of a new sustain driver according to the invention; 
Figure 6 are waveform diagrams useful in understanding the operation of Figure 5; 
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Figure 7 is a schematic circuit diagram showing a practical circuit model of a new sustain driver according to the 
invention; 

Figure 8 are waveform diagrams useful in understanding the operation of Figures 7 and 9; 

Figure 9 and 9a are schematic circuit diagrams showing a constructed embodiment of a new sustain driver ac- 
cording to the invention; 

Figure 10 is a schematic circuit diagram of a new sustain driver in an integrated circuit design; 

Figure 11 is a schematic circuit diagram of an XAP address pulse driver incorporating energy recovery techniques 
according to the invention; 

Figure 12 are waveform diagrams useful in understanding the operation of Figure 11; 

Figure 13 is a schematic circuit diagram of YAP address pulse driver incorporating energy recovery techniques 
according to the invention; and 

3S 

Figure 14 are waveform diagrams useful in understanding the operation of Figure 13. 

DETAILED DESCRIPTION OF THE DRAWINGS 

40 The present invention will be described in connection with an ISA plasma panel to which has been incorporated 

an address driver circuit and a new power efficient sustain driver circuit in accordance with the present invention. For 
convenience of description, an address driver circuit will be described briefly followed by the description of the power 
efficient sustain driver circuit of the present invention. 

<s ISA Driver Circuits For Plasma Panels 

Figure 1 shows the basic type of address circuit driver that can be used in plasma panel circuits. Figure 1a shows 
a simple switch in parallel with a diode. The switch is used to apply selective address pulses to the plasma panel 
depending on the state (open or closed) of the switch. With today's solid state switching technology, this switch usually 
so takes two forms: the MOS Field Effect Transistor (MOSFET). shown in Figure 1b and the Bipolar transistor shown in 
Figure 1c. 

Figure 2 shows a circuit diagram to drive the address electrodes in an ISA plasma panel i.e., a plasma display 
panel having independent sustain and address electrodes as previously. This example uses the N-channel MOSFET 
devices shown in Figure 1 b, but of course other suitable switches could be used. The basic concept is to connect the 
ss drain electrode of each MOSFET to each address electrode of the ISA plasma panel and to then connect all of the 
sources of the MOSFETs on a given display axis to a common bus. 

Figure 3 shows the waveforms used to drive the ISA panel. This shows a portion of the video scan of the panel 
for addressing the eight rows of pixels shown in Figure 2 in a top to bottom sequence. Other scanning techniques may 
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be used rather than the video scan example illustrated here. Each row of pixels requires two of the 20 microseconds 
addressing cycles. The top four waveforms show the signals applied by the four sustalners. The phasing of these 
waveforms selects which of the four pixels surrounding each address cell in Figure 2 can be addressed during a given 
addressing cycle. The fundamental periodicity of this phasing is every eight addressing cycles because of the sustain 

s electrode connection technique used in Figure 2. 

Below the sustain waveforms are the signals associated with the address electrodes. The waveforms labeled XAP 
and YAP are supplied from address pulse generators that are connected to the common bus of the address driver 
transistors as shown in Figure 2. These address pulsers generate the special waveforms needed for the address drivers 
to apply the proper signals to the address electrodes. The XA waveform shows the selective erase signals on the X 

10 address electrodes. A high XA level will erase a selected pixel and a low level leaves the pixel on. The YA waveforms 
for four adjacent Y address electrodes are shown at the bottom of Figure 3. 

One concern is that when the column drivers are in a high impedance state, the pulses applied to a neighboring 
electrode in the low impedance state will capacitivety couple to the high impedance electrode and cause it to receive 
the wrong voltage amplitude. This is not a significant problem for two reasons. First, note that In Figure 2, the address 

IS electrodes are shielded from each other by the sustain electrodes. This makes the variations in pulse amplitude, due 
to address line-to-line coupling, less than 10% of the address pulse amplitude as shown In Figure 4. The second point 
is that this 10% variation is not a significant problem because of the excellent address margins of the ISA design. 

The energy recovery technique described hereinafter with respect to the power efficient sustain driver circuit can 
be used for the XAP and YAP address pulse generators to supply the waveforms of Figure 3. 

20 

Power Efficient Sustain Drive Circuit 

The plasma panel requires a high voltage driver circuit called a sustainer, or sustain driver circuit, which drives all 
the pixels and dissipates considerable power. As an example, four sustainer drivers XSA. XSB, YSA, YSB are shown 
2S in Figure 2 with the ISA panel. 

The following describes a new high efficiency sustainer that eliminates most of the power dissipation resulting from 
driving the plasma panel with a conventional sustainer. With this new sustainer, considerable savings can be realized 
in the overall cost of the plasma panel. The new sustainer can be applied to standard plasma panels, or the new ISA 
plasma panel, as well as to other types of display panels requiring a high voltage driver, such as electroluminescent 
30 or liquid crystal panels having inherent pane) capacitance. 

When the plasma panel is used as a display, frequent discharges are made to occur by alternatively charging each 
side of the panel to a critical voltage, which causes repeated gas discharges to occur This alternating voltage is called 
the sustain voltage. If a pixel has been driven "ON" by an address driver, the sustainer will maintain the "ON" state of 
that pixel by repeatedly discharging that pixel cell. If a pixel has been driven "OFF" by an address driver, the voltage 
3S across the cell is never high enough to cause a discharge, and the cell remains "OFF". 

The sustainer must drive all of the pixels at once; consequently, the capacitance as seen by the sustainer is typically 
very large. In a 512x512 panel, the total capacitance of all the pixel cells in the panel, Cp, could be as much as 5 nF 
Conventional sustainers drive the^panel directly, and thus M20p\f^ is dissipated in the sustainer when the panel 
is subsequently discharged to ground. In a complete sustain cycle, each side of the panel is charged to Vs and sub- 
40 sequently discharged to ground. Therefore, a total of ZCpM^ is dissipated in a complete sustain cycle. The power 
dissipation in the sustainer is then 2CpV3^, where f is the sustain cycle frequency. For Cp = 5nF, Vs = 100 V, and f = 
50 kHz, the power dissipation in the sustainer, resulting from driving the capacitance of the panel, is 5 W. 

If an inductor is placed in series with the panel, then Cp can be charged and discharged through the inductor. 
Ideally, this would result in zero power dissipation since the inductor would store all of the energy otherwise lost in the 
45 output resistance of the sustainer and transfer it to or from Cp. However, switching devices are needed to control the 
flow of energy to and from the inductor, as Cp is charged and discharged. The "ON" resistance, output capacitance, 
and switching transition time are characteristics of the switching devices that can result in significant energy loss. The 
amount of energy that is actually bst due to these characteristics, and hence the efficiency, is determined largely by 
how well the circuit is designed to minimize these losses. 
so In addition to charging and discharging Cp, the sustainer must also supply the large gas discharge current for the 

plasma panel. This current. I, is proportional to the number of pixels that are "ON". The resulting Instantaneous power 
dissipation is I^R, where R is the output resistance of the sustainer. Thus, the power dissipation due to the discharge 
current is proportional to 1^, or the square of the number of pixels that are "ON". 

There are two ways to minimize this dissipation. One Is to minimize the output resistance of the sustainer by using 
ss very low resistance output drivers, and the other is to minimize the number of pixels that are "ON" at any time. 

This Invention provides a new sustainer circuit that will recover the energy otherwise lost in charging and discharg- 
ing the panel capacitance. Cp. The efficiency with which the sustainer recovers this energy is here defined as the 
'recovery" efficiency. When Cp is charged to and then discharged to zero, the energy that flows into and out of Cp 
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Is 2CpVe^: therefore, the recovery efficiency is defined by 



Eff = 100x(2CpV/-E,^,y2CpV/ 
= 100x(1-(E|^CpV^^)) percent 
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where Eio^t the energy lost in charging and discharging Cp. 

Notice that the recover efficiency is not the same as the conventional power efficiency, defined in terms of the 
power delivered to a load, since no power is delivered to the capacitor, Cp; it Is simply charged and then discharged. 
The recovery effrciency is a measure of the energy loss in the sustainer. 

A circuit proposed for driving electroluminescent (EL) panels, published in M.L. Higgtns. "A Low-power Drive 
Scheme for AC TFEL Displays". SID International Symposium Digest of Technical Papers . Vol. 16, pp. 226-228, 1985, 
was tested in the laboratory, but was abandoned since it was not capable of better than 80% energy recovery, and it 
has undesirable design complexities. A new, very efficient sustain driver was then developed which eliminates the 
problems inherent in the prior proposed circuit. 

First, a circuit model of the new sustain driver circuit will be analyzed to determine the expected recovery efficiency 
The reasons why greater than 90% recover efficiency is possible with this new sustain driver will be explained, and 
several design guidelines will be given. Next, a constructed prototype of the new sustain driver will be discussed. 

An ideal sustain driver circuit will be presented first to show the basic operation of the new sustain driver, given 
ideal components. As would be expected, given ideal components, this circuit has 100% recovery efficiency in charging 
and discharging a capacitative load. The schematic of the ideal sustain driver circuit is shown in Figure 5. and in Figure 
6 are shown the output voltage and inductor current waveform expected for this circuit as the four switches are opened 
and closed through the four switching states. The operation during these four switching states is explained in detail 
below, where it is assumed that prior to State 1 , Vss is at Vcc/2 (where Vcc is the sustain power supply voltage), Vp 
is at zero. S1 and S3 are open, and S2 and S4 are closed. 

The reason that Vss is at Vcc/2 will be explained, below, after the switching operation is explained: 
State 1 . To start, S1 closes, S2 opens, and S4 opens. With SI closed, L and Cp form a series resonant circuit, 
which has a forcing voltage of Vss = Vcc/2. Vp then rises to Vcc , at which point l|_ is zero, and 01 becomes reverse 
biased. Alternatively, diode D1 could be eliminatea ana opened when Vp rises to Vcc (at the point where li_ is zero). 
State 2. S3 is closed to clamp Vp at Vcc and to provide a discharge current path for any "ON" pixels. 
State 3. S2 closes, SI opens^ and S3 opens. With S2 closed, L and Cp again form a series resonant circuit, which 
has a forcing voltage of Vss = Vcc/2. Vp then falls to ground, at which point II is zero, and D2 becomes reverse biased. 
Alternatively, diode D2 could be eliminated and S2 opened when Vp falls to zero (at the point where l|_ is zero). 

State 4. S4 is closed to clamp Vp at ground while an identical driver on the opposite side of the panel drives the 
opposite side to Vcc and a discharge current then flows in S4 if any pixels are "ON". 

It was assumed above that Vss remained stable at Vcc^ during the above charging and discharaino of C p. The 
reasons for this can be seen as follows. If Vss were less than Vcc/2, then on the rise of Vp, when S1 Is closed, the 
forcing voltage would be less than Vcc/2. Subsequently, on the fall of Vp, when S2 is closed, the forcing voltage would 
be greater than Vcc/2. Therefore, on average, current would flow into Css. Conversely, if Vss were greater than Vcc/ 
2. then on average, current would flow out of Css. Thus, the stable voltage at which the net current into Css is zero is 
Vcc/2. 

In fact, QOiiQiMgrjjp, as Vcc rises, if the driver is continuously switched through the four states explained above, 
then Vss will rise with Vc at Vcc/2. 

If this were not the case, a regulated power supply would be needed to supply the voltage Vss. This would increase 
the overall cost of the sustain circuitry and could make this design less desirable. 

The energy losses due to the capacitances and resistances inherent in the real devices, i.e.. the switching devices, 
the diodes, and the inductor, can be determined by analysis of a practical circuit model shown in Figure 7. The switching 
devices are rrxxleled by an ideal switch, an output capacitor, and a series "ON" resistor. The diodes (except Del and 
Dc2) are modeled by an ideal diode, a parallel capacitor, and a series resistor, and the inductor is modeled by an ideal 
inductor and a series resistor. 

Del and Dc2 are ideal diodes. They are included to prevent V1 from dropping below ground and V2 from rising 
above Vcc. As will be shown below, if Del and De2 were not included, then the voltages across CI. Cd2, C2, and Cd2 
would be higher than otherwise, which would lead to additional energy losses. 

The switching sequence of this circuit is the same as that of the ideal model shown in Figure 5. Figure 8 shows 
the voltage levels for Vp. VI . V|,, and V2 and the current levels for II., 1 1 , and 12 during the four switching states. Again, 
it is assumed that Vss is stable at Vcc/2. 

The recovery efficiency in the practical circuit model of Figure 7 can be determined below with reference to Figure 
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8. For example, the energy losses due to the capacitance ot the switching devices (CI and C2) and the diodes (Cdl 
and Cd2) can be determined; then, the energy tosses due to the resistances of the switching devices (R1 and R2). the 
diodes (Rdl and Rd2). and the inductor (Rl) can be determined; and finally, the energy loss due to the finite switching 
time of the switching devices can be determined. In each case, reference can be made to the four switching states. 

5 shown In Figure 8. ^ ^. ^ • 

To find the power dissipation resulting from the capacitances of the switching devices and the diodes, an account 
is made of all the 1/2CV2 iqss. It is assumed that, initially. S1 and S3 are open. S2 and S4 are closed. Vl Is at ground, 

and Vss Is at Vcc/2. w x ^ 

State 1 To start. SI closes and S4 opens. V1 and Vl then rise to Vss. and the voltages across Cd2 (V2-Vl) and 

10 across CI (Vss-V1 ) both fall from Vss to zero. Thus. CI Vss?/2 is dissipated in R1 and Cd2Vss2/2 is dissipated in R1 . 
Rd1 and R2 S2 then opens. With SI closed, the series combination of R1 , Rd1 , L. and Cp is a series RLC circuit with 
a forcing voltage of Vss=Vcc/2. The waveforms are shown In Figure 8. As II falls to and crosses zero, then D1 becomes 
cut off and Vl begins to rise. w -j 

State 2. S3 is closed to clamp Vp at Vcc. (Notice that before S3 closes. Vp has not completely risen to Vcc. due 

IS to the damping that was caused by R1 . Rd1 . and F^. Thus, when S3 is closed, Vp is pulled up to Vcc through S3, and 
a small amount ot overshoot could occur if there were stray inductances present in the real circuit. This overshoot is 
shown in the waveform for Vp in Figure 8). Il then becomes negative as C2 and Cd1 (Vl-V1 ) both rise from zero to 
Vss, at which point Dc2 becomes fonward biased and 12 begins to flow. The energy in the inductor, when 12 begins to 
flowl is then 1/2(C2+Cd1)Vss2 jhis energy is dissipated in Rl. Rd2. and R3 as 12 falls to zero. 

20 State 3. After the discharge current for any "ON" pixel ceils has been supplied, then S2 closes and S3 opens. V2 

and V, then fall to Vss. and the voltages across Cdl (Vl-V1 ) and across C2 (V2-Vss) both fall from Vss to zero. Thus, 
C2Vss2/2 Is dissipated in R2 and Cd1Vss2y2 is dissipated in R2. Rd2. and Rl. SI then opens. With S2 ctosed, the 
series combination of R2. Rd2, Rl. L, and Cp is a series RLC circuit with a forcing voltage of Vss = Vcc/2. The wavefomrts 
are shown in Figure 8. As II rises to and crosses zero, then D2 becomes cutoff and Vl begins to fall. 

2S State 4 S4 is closed to clamp Vp at ground. (Notice that before S4 closes, Vp has not completely fallen to ground, 

due to the damping that was caused by R2. Rd2, and Rl- Thus, when S4 is closed. Vp is pulled down to ground through 
S4 and a small amount of undershoot could occur if there were stray inductances present in the real circuit. This 
undershoot is shown in the waveform for Vp in Figure 8.) Il then becomes positive as CCI and Cd2 are charged from 
the inductor. The voltages across C1 (Vss-VI ) and across Cd2 (V2-Vl) both rise from zero to Vss. at which point Del 

30 becomes fonward biased and 1 1 begins to flow. The energy in the inductor when 1 1 begins to flow is then 1 /2(C1 +Cd2) 
Vss2. This energy Is dissipated in Rl, Rdl , and R4 as 11 falls to zero. 

Thus, it can be determined that the practical circuit model of Figure 7 results in a power toss of (fjEfost = 0.17 W, 
where the sustain frequency is equal to f = 50 kHz. By comparison, if there were no energy recovery, then the normal 
loss from charging and discharging Cp would be (f)CpVcc2 = 2.5 W. The recovery efficiency (as previously defined) of 

35 the circuit of Figure 7 is 

Eff = 100x(1-(E,„/CpVcc^)) = 93% 



40 whereCp = 5nFand Vcc = 100 V. 

In summary, the practical circuit model of Figure 7 predicts that the new sustain diver will be capable of 93% 
recovery, assuming that the Q of the inductor is at least 80 and that the optimum tradeoff between switch output 
capacitance and "ON" resistance is realized. 

The schematic of a constructed prototype sustain driver circuit is shown in Figure 9, and a complete parts list is 

45 given in Table 1 . 

It was found that the waveforms of the constnjcted circuit of Figure 9 correspond almost exactly with the waveforms 
of Figure 8 predicted from the circuit model of Figure 7. 

Switches SI , S2, S3, and S4 in Figure 7 were previously described as being switched at the appropriate times to 
control the flow of current to and from Cp. In the prototype circuit of Figure 9, the power MOSFETs (T1 , T2. T3, T4) 
so replace the Ideal switches of Figure 7 and must be switched at the appropriate times by real drivers to control the flow 
of current to and from Cp. Switching T1 and T2 at the appropriate times requires only that they are switched on the 
transition of Vi. Thus, only a single driver (Driver 1 ) is required. Switching T3 and T4 presents a more difficult problem, 
however, since in addition to being switched on the transition of Vi. they must also be switched whenever the inductor 
current crosses zero. This could have required that T3 and T4 be controlled with additional inputs to the Figure 9 circuit 
55 if it were not the case that VI and V2 make voltage transitions whenever Vi makes a transition and shortly after the 
inductor current crosses zero. Thus, the switching of T3 and T4 is accomplished by using the transitions of VI and V2 
to switch the Drivers (2 and 3) in Figure 9 at the appropriate times and no additional inputs are required. 

Switching the MOSFETs can be seen with reference to Figure 9 and the following descriptton. When Vi rises, the 
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output of Driver 1 is switched •LOW" and the gates of T1 and T2 are driven "LOW through the coupling capacitors. 
Cgi and Cg2 Thus, T1 is switched "ON", T2 is switched ■OFF", and current begins to flow in the inductor to charge Cp. 
Also, D3 becomes forward biased and D4 is reverse biased. This causes Driver 2 to quickly switch "LOW", thus driving 
T4 "OFF", while Driver 3 is delayed from switching "LOW" until after Vp has risen. (As will be explained later. R1 and 
s R2 are needed only during initial startup when Vcc power is first applied and before Vss has risen high enough for 
Drivers 2 and 3 to be switched from the changes in voltage of VI and V2.) 

Referring back to the end of State 1 in Figure 8. it can be seen that V2, in Figure 9 will begin to rise from Vss to 
Vcc shortly after the inductor current into Cp has fallen to zero, at which time, T3 must be switched "ON" to clamp Vp 
at Vcc. In Figure 9, when V2 rises, then the input of Driver 3 also rises, due to the current through ttie coupling capacitor 
10 C4. The output of Driver 3 then switches "LOW", and the gate of T3 is driven "LOW" throughout the coupling capacitor, 
Cg3. Thus, T3 is switched "ON" and clamps Vp to Vcc. 

Later, when Vi falls, the output of Driver 1 is switched "HIGH" and the gates of T1 and T2 are driven "HIGH" through 
the capacitors, Cg^ and Cg2. Thus, T1 is switched "OFF", T2 is switched "ON", and current begins to flow in the inductor 
to discharge Cp. Also, D4 becomes fonward biased and D3 becomes reverse biased. This causes Driver 3 to quickly 
IS switch "HIGH", thus driving T3 "OFF", while Driver 2 is delayed from switching "HIGH" until after Vp has fallen. 

When VI begins to fall from Vss to ground, shortly after the inductor current flowing out of Cp has fallen to Zero 
(as at the end of State 3 in Figure 8), then the input of Driver 2 falls because of the coupling capacitor C3. The output 
of Driver 2 then switches "HIGH", and the gate of T4 Is driven "HIGH". Thus, T4 is switched "ON" and clamps Vp to 
ground. 

20 Notice that an external timing circuit is not needed to determine when to switch T3 and T4 because the switching 

occurs shortly after the inductor current crosses zero, independent of the rise or fall time of Vp. This leads to simple 
circuitry that is independent of variations in the inductance (L) or the panel capacitance (Cp) and is a significant ad- 
vantage over prior proposed sustain drivers. It also makes it possible to drive the circuit with only one input, so that if 
the input becomes stuck ("HIGH" or "LOW"), T3 and T4 cannot both be "ON" simultaneously, which would result In the 

2S destruction of one or both of the devices. 

Another advantage that this circuit has over prior proposed circuits is that T1 , D1 , T2 and D2 need only be 1/2 Vcc 
rather than the full Vcc voltage of prior circuits. Lower voltage switching devices, requiring k>wer breakdown voltages, 
are typically less costly to fabricate. This results in a k>wer parts cost for a discrete sustainer and lower integration 
costs for an integrated sustainer. 

30 The resistors. R1 and R2 are provided for the case in which Vss is at a very low voltage, such as during initial 

power up of Vcc. In this case, the voltages V1 and V2 do not change enough to cause the Drivers 2 and 3 to switch. 
The resistors will cause the Drivers 2 and 3 to switch, after a delay time, which is determined by the value of the 
resistors and the input capacitance of the Drivers. 

The reason it is necessary to switch the Drivers 2 and 3 during initial power up when Vss is very low. is as follows. 

3S In order for Vss to rise, it is first necessary to T3 to switch "ON" and bring Vp up to Vcc. Then, when T2 tums "ON", a 
current will flow from Cp to Css. If T4 is later switched "ON", thus clamping Vp to ground, then when T1 tums "ON", 
the current that flows out of Css will prevent Vss from rising above Vcc^, and Vss will begin to stabilize at Vcc/2 after 
several cycles of charging and discharging Cp. Thus, Vss will not achieve the proper voltage unless T3 and T4 are 
switched "ON" by the action of R1 and R2 during power up. 

40 The resistor. R3, is provided to discharge the source to gate capacitance of T3 when the supply voltage, Vcc, 

suddenly rises during power up. Without R3, the source to gate voltage of T3 would rise atxsve threshold, as Vcc rises, 
and remain there, with T3 "ON", after Vcc has risen. Then, if T4 were switched "ON", a substantial current would flow 
through T3 and T4 and possibly destroy one or both of the devices. 

45 TABLE 1 



55 



Part Name 


Number 


Description 


Manufacturer 


T1 


IRF9530 


p-channel power MOSFET 


Inter. React. 


T2 


IRF510 


n-channel power MOSFET 


Inter. React. 


T3 


IRF9530 


p-channel power MOSFET 


Inter. React. 


T4 


1RF510 


n-channel power MOSFET 


Inter. React. 


D1 


11DQ05 


power schottky diode 


Inter. React. 


D2 


11DQ05 


power schottky dkxJe 


Inter. React. 


D3 


IN3070 


high voltage diode 


Texas Instru. 


D4 


IN3070 


high voltage diode 


Texas Instru. 


Dc1 


IN3070 


high voltage dkxJe 


Texas Instru. 


Dc2 


IN3070 


high voltage dtode 


Texas Instru. 
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TABLE 1 (continued) 



Part Name 


Number 


Description 


Manufacturer 


INV 


MM74C04 


CMOS inverter 


Nat. Semlcon. 


Tdl 


MPS6531 


NPN transistor 


Motor. Semicon. 


Td2 


MPS6534 


PNP transistor 


Motor Semicon. 


L 




2 M.H air coil 


J.W. Miller 


Cp 




5 nF silver mica cap 




Css 




1 \xf/ 50 volt cap 




C3 




10 pF silver mica cap 




C4 




10 pF silver mica cap 




Cgl 




.01 |iF/ 100 volt cap 




Cg2 




.01 \iF/ 100 volt cap 




Cg3 




.01 ^iF/ 100 volt cap 




R1 




lOOKohm 1/4 watt 




R2 




lOOKohm 1/4 watt 




R3 




33Kohm 1/4 watt 




(All zener diodes shown are 12 volt). 



In an experimental setup for measuring the efficiency of the prototype circuit in Figure 9, the supply voltage (Vcc) 
and the supply current were accurately measured while the circuit was driving a 5 nF capacitor load (Cp). The load 
was driven at a frequency of f = 5 kHz, with the supply voltage at 100 V Thus, the normal power dissipation expected 
in this case was 

^tost ~ (®"^f9y charge Cp + energy lost to 
discharge Cp) xf 
= (1/2CpVcc^ + 1/2CpVcc^) xf = 2.5 W 

The measured supply current for the Figure 9 circuit was 2.0 mA, so the actual power drawn from the supply and 
dissipated in the driver was 0.2 W. Thus, this circuit recovered all but 0.2 W of the normally lost power. The previously 
defined recovery efficiency is therefore 92%. 

By comparison, the recovery efficiency predicted by analysis of the circuit model of Figure 7 is 93%. This is an 
indication that the most significant sources of power loss in the real circuit of Figure 9 have been accurately accounted 
for in the model of Figure 7. and the model is a valid representation of the real circuit. 

The sustain driver of Figure 9 can be used on each side of an ISA plasma panel. As an example, each of the 
sustain drivers XSA, XSB, YSA, YSB. In Figure 2 could be a sustain driver of Figure 9, and could be used with the 
open-drain address drivers previously described in connection with Figures 1-4. 

After testing two sustain drivers (each as shown In Figure 9 with capacitor toads, one sustain driver was connected 
to each side of a 512x512 ac plasma display panel. It was found that these sustain drivers could drive the panel with 
90% recovery efficiency when no pixels were "ON", and that with all of the pixels "ON", the dissipation was still low 
enough that heat sinks were not necessary. With all of the pixels "ON", the power dissipation In T1 and T2 did not 
change, but the power dissipation in T3 and T4 Increased due to the I^R tosses resulting from the flow of discharge 
current. This power dissipation can be lowered by using lower "ON" resistance devices for T3 and T4. 

In testing the prototype sustain driver circuit of Figure 9, it was found that this circuit continued to charge and 
discharge the panel at the sustain frequency with high recovery efficiency, regardless of large variations in the panel 
capacitance or in the inductance of the coil. This Is a distinct advantage over prior proposed sustain driver circuits. 

It may be possible to substitute bipolar power transistors for the power MOSFETs, T1 and T2 in Figure 9 in a 
suitably designed circuit. Also, since the power dissipation and, hence, the cooling requirements have been significantly 
reduced in the sustain driver circuit of Figure 9, if all of the sustainer electrodes can be economically integrated onto 
a single silicon chip, then the complete sustainer can be packaged into a single case with one heat sink. 

With reference to Figure 1 0, there is illustrated an integrated, power efficient sustain driver circuit according to the 
invention that does not require resistors or capacitors. In the circuit of Figure 10. T1 and T2 are driven directly by the 
Level Shifter. T3 is driven directly from the CMOS Driver Dri , and T4 is driven directly from the CMOS driver Dr2. If 
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Cssi, Css2 and the inductor are excluded from integration, then the integrated circuit is made up entirely of active 
components. Thus, the silicon area required is minimized. 

The operation of this circuit is basically the same as the circuit of Figure 9. As before, Tl and T2 charge and 
discharge Cp via L, and T3 and T4 clamp Vp at Vcc and ground, respectively. The difference is in the gate drive circuits 
5 Dr1 . Dr2. and the Level Shifter, and in the addition of Cssi . 

Css1 and Css2 form a voltage divider where Css1 = Css2. Thus, at power up, when Vcc begins to rise. Vss will 
rise at Vcc/2. Later, when Vss has risen above the threshold level of the MOSFETs, then Vss will be held at Vcc/2. 

The Level Shifter is a set-reset latch, with its output at either Vcc or ground. When Vi switches "HIGH", the output 
of the Level Shifter drops to ground and forces -Vss across the gate to source of both Tl and T2. This turns T1 "ON" 
10 and T2 "OFF", The input to Dr2 is then forced to Vss, the output of Dr2 drops to ground, and T4 is turned "OFF". Later, 
when l|_ falls to zero and then reverses, the input to Drl rises from Vss to Vcc, the gate of T3 is then pulled down by 
Dr1 to Vss, and T3 turns "ON". Thus, Vp is driven to Vcc when Vi switches "HIGH". 

When Vi switches "LOW", the output of the Level Shifter rises to Vcc and forces Vss across the gate to source of 
both Tl and T2. This tums Tl "OFF" and T2 "ON". The input to Drl is then forced to Vss, the output of Dr1 rises to 
IS Vcc and T3 is turned "OFF". Later when l|_ falls to zero and then reverses, the input to Dr2 falls from Vss to ground. 
The gate of T4 is then driven up by Dr2 to Vss, and T4 tums "ON". 

The XAP and YAP address pulse generators may also be designed with the energy recovery technique previously 
described in connection with the sustain driver circuit. As an example, reference may be made to Figures 11-14. Figure 
11 illustrates an XAP address pulse generator connected to the panel electrodes at the output terminal. Figure 12 
so illustrates the output voltage and inductor current waveforms (similar to Figures 5 and 6 with respect to the sustain 
driver) as switches SI and S4 are opened and closed through the switching states. The output voltage waveform in 
Figure 12 is a positive double pulse conforming to the desired XAP waveforms of Figures 3 and 4. Notice that switch 
82 of Figure 5 has been eliminated in the XAP generator of Figure 1 1 since diode D3, diode D2 and S2 in Figures 5 and 6. 

Figure 1 3 illustrates YAP generator and Figure 14 illustrates the corresponding waveforms in the switching states. 
2S Capacitor Cq and the output capacitance connected to the output terminal function as a voltage divider of voltage Vcc 
supplied to the circuit. When a Write Pulse is required (See Figure 14). switch S5 is closed to short capacitor Cq to 
provide the full amplitude Write Pulse to the panel. If an Erase Pulse is required, switch S5 is opened to provide the 
reduced amplitude Erase Pulse to the panel. 

If desired, an ISA panel can be provided with N-channel MOSFET address drivers on one axis and P-channel 
30 MOSFET address drivers on the other axis, using techniques similar to the YAP and XAP address driver circuit tech- 
niques previously described. For example, a YAP address pulse generator with an N-channel MOSFET driver could 
be used with negative pulse similar to the negative pulses of the YAP pulses in Figure 3. For the XAP address pulse 
generator a P-channel MOSFET driver could be used with a positive going single pulse having a pulse width equal to 
the width between the two double XAP pulses shown in the expanded view of Figure 4. 

3S 

Claims 

1. A method for sustaining cells and pixels of plasma panels, plasma display panels, electroluminescent panels, or 
40 LCDs having panel electrodes and corresponding panel capacitance in which the address cells and/or pixels are 

defined by the intersection of respective address electrodes in respective arrays of (X and Y dimension) address 
electrodes, said method employing an inductor (L) and 
characterized by the steps of: 

<s charging the panel capacitance (Cp) through said inductor (L), initially while storing energy in said inductor 

(L) until the magnitude of the inductor current reaches a maximum, and secondly while removing the stored 
energy from said inductor until the inductor current reaches zero; 

discharging the panel capacitance (Cp) through said inductor (L), initially while storing energy in said inductor 
so - until the magnitude of the inductor current reaches a maximum, and secondly while removing the stored energy 

from said inductor until the inductor current reaches zero, 

wherein said charging and/or discharging of the panel capacitance includes applying a forcing voltage (Vss) 
which is atx>ut one-half the magnitude of the voltage level (Vcc) the panel capacitance reaches after charging. 

55 

2. Method according to Claim 1 . further including the steps of after charging/discharging the panel capacitance, main- 
taining the panel capacitance in a charged/ discharged state prior to again discharging/charging the panel capac- 
itance (Cp) . 
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3. Method according to Claim 2, wherein the step of maintaining the panel capacitance in a charged state includes 
clamping the voltage level (Vcc) of the panel capacitance (Cp) upon the inductor current reaching zero, and wherein 
the step of maintaining the panel capacitance (Cp)in a discharged state prior to again charging includes clamping 
the voltage level (Vcc) of the panel capacitance upon the Inductor current reaching zero. 



4. Circuit for sustaining cells and pixels of plasma panels, plasma display panels, electroluminescent panels, or LCDs 
having panel electrodes and corresponding panel capacitance in which the address cells and/or pixels are defined 
by the intersection of respective address electrodes in respective arrays of (X and Y dimension) address, com- 
prising an inductor (L) coupled to the panel electrodes, and a driver circuit coupled to the inductor (L) for operating 
10 the display panel through the inductor (L), 

characterized in that 



the driver circuit includes means (Vss, S1 - S4) adapted t o charg e the panel capacitance through said inductor 
(L), initially while storing energy In said inductor until the magnitude of the inductor current reaches a maximum, 
IS and secondly while removing the stored energy from said Inductor until the inductor current reaches zero; 

means (Vss, S1 - S4) adapted to discharge the panel capacitance through said inductor (L), initially while 
storing energy in said inductor until the magnitude of the inductor current reaches a maximum, and secondly 
while removing the stored energy from said inductor until the inductor current reaches zero; and 

20 

means for applying a forcing voltage (Vss) which is about one-half the magnitude of the voltage level (Vcc) 
the panel capacitance reaches after charging. 

5. Circuit according to Claim 4, further comprising means^SiJ , S3) for clamping the voltage level of the panel capac- 
2S itance upon the inductor current reaching zero during charging of the panel capacitance; 

second means (^ S4) for clamping the voltage level to the panel capacitance upon the inductor current reaching 
zero during discharge of the panel capacitance. 

6. Circuit according to Claim 5, wherein said first and second means for clamping includes means (Cdl , Cd2) re- 
30 sponsive to the inductor current reaching zero to provide said clamping independent of variations in the values of 

said inductor or said panel capacitance. 

7. Circuit according to Claim 4, 5 or 6, wherein said charging means include first switch means (SI ) coupled to said 
inductor (L) to enable said panel capacitance (Cp) to charge through said inductor from a first voltage level (a) 

3S initially to an intermediate voltage level magnitude which is about one-half the desired voltage level magnitude. 

while storing energy in said inductor, and (b) then to said desired voltage level magnitude, while removing said 
stored energy from said inductor; and said discharging means includes second switch means (S2) coupled to said 
inductor (L) to enable said panel capacitance to discharge through said inductor from said desired voltage level 
magnitude (a) initially to an intermediate voltage level magnitude which is about one-half the desired voltage level 

40 magnitude, while storing energy in said inductor, and (b) then to said first voltage level magnitude, while removing 

said stored energy from said inductor. 

8. Circuit according to one of Claims 4 to 7, further Including switch means (S1 - 84) for maintaining the panel ca- 
pacitance in a charged state after charging the panel capacitance prior to discharge and/or switch means (SI - 

4S S4) for maintaining the panel capacitance in a discharged state after discharge or upon the inductor current reach- 

ing zero and prior to again charging the panel capacitance. 

9. Circuit according to Claim 8, wherein said means for maintaining the panel capacitance in a charged state includes 
means for charging the voltage level (Vp) of the panel capacitance upon the inductor current reaching zero during 

so charging of the panel capacitance, and wherein said means for maintaining the panel capacitance in a discharged 

state includes means (S2. S4) for clamping the voltage level of the panel capacitance upon the inductor current 
reaching zero during discharging of the panel capacitance (Cp) . 



ss Patentanspruche 



1. Verfahren zur Erhaltung von Zellen und Bildelementen von Plasmaanzeigen, Plasma-Bildschirmen, Elektrolumi- 
neszenzanzeigen oder FlOssigkristallanzelgen, die Anzelgeelektroden und eine entsprechende Anzeigekapazitat 
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haben. wobei die AdreBzellen und/oder -bildelemente durch den Schnittpunkt von jeweiligen AdreBelektroden in 
entsprechenden Arrays von AdreBelektroden (der X- und Y-Dimension) definiert sind und wobei das Verfahren 
einen Indulctor (L) verwendet und 
gekennzeichnet 1st durch die folgenden Schritte: 

Laden der Anzeigekapazitat (Cp) durch den tnduktor (L), und zwar anfanglrch, wahrend gleichzeitig Energle 
in dem Induictor (L) gespek^ert wird, bis der Wert des Induktorstroms ein Maximum erreicht. und zweitens, 
wahrend gleichzeitig die gespeicherte Energie von dem Induktor abgeleitet wird. bis der Induktorstrom Null 
erretoht; 

Entladen der Anzeigekapazitat (Cp) durch den Induktor (L), und zwar anfanglich, wahrend gteichzeitig Energie 
in dem Induktor gespeichert wird, bis der Wert des Induktorstroms ein Maximum erreicht, und zweitens, wah- 
rend gleichzeitig die gespeteherte Energie von dem Induktor abgeleitet wird, bis der Induktorstrom Nullerreteht. 

wobei das Laden und/oder Entladen der Anzeigekapazitat das AnIegen einer StQtzspannung (Vss) aufweist. 
die ungefahr den halben Wert des Spannungspegels (Vcc) hat. den die Anzeigekapazitat nach dem Laden 
erreicht. 

Verfahren nach Anspruch 1 , das ferner die folgenden Schritte aufweist: nach dem Laden/Entladen der Anzeige- 
kapazitat l-lalten der Anzeigekapazitat in einem geladenen/entladenen Zustand. bevor die Anzeigekapazitat (Cp) 
erneut entladen/geladen wird. 

Verfahren nach Anspruch 2, wobei der Schritt des Haltens der Anzeigekapazitat in einem geladenen Zustand das 
Begrenzen des Spannungspegels (Vcc) der Anzeigekapazitat (Cp) aufweist, wenn der Induktorstrom Null erreicht, 
und wobei der Schritt des Haltens der Anzeigekapazitat (Cp) in einem entladenen Zustand vor dem emeuten 
Laden das Begrenzen des Spannungspegels (Vcc) der Anzeigekapazitat aufweist, wenn der Induktorstrom Null 
erreicht. 

Schaltung zur Erhaltung von Zellen und Bildelementen von Plasmaanzeigen, Plasma-Bildschirmen, Elektrotumt- 
neszenzanzeigen oder Flussigkristallanzeigen, die Anzeigeelektroden und eine entsprechende Anzeigekapazitat 
haben, wobei die AdreQzellen und/oder bildelemente durch den Schnittpunkt von jeweiligen AdreBelektroden in 
entsprechenden Arrays von AdreBelektroden (der X- und Y-Dimension) definiert sind, wobei die Schaltung einen 
mit den Anzeigeelektroden gekoppelten Induktor (L) und eine Treiberschaltung aufweist, die mit dem Induktor (L) 
gekoppelt ist, um die Anzeige durch den Induktor (L) zu betreiben. 
dadurch gekennzeichnet, daB 

die Treiberschaltung folgendes aufweist: Einrichtungen (Vss, SI -34), die ausgebildet sind, um die Anzeige- 
kapazitat durch den Induktor (L) zu laden, und zwar anfanglich. wahrend gteichzeitig Energie in dem tnduktor 
gespeichert wird. bis der Wert des Induktorstroms ein Maximum erreicht, und zweitens. wahrend gleichzeitig 
die gespeteherte Energie von dem Induktor abgeleitet wird. bis der Induktorstrom Null erreicht; 

Einrichtungen (Vss. SI -S4). die ausgebildet sind, um die Anzeigekapazitat durch den Induktor (L) zu entladen. 
und zwar anfanglich, wahrend gleichzeitig Energie in dem Induktor gespeichert wird, bis der Wert des Induk- 
torstroms ein Maximum erreicht, und zweitens, wahrend gleichzeitig die gespeicherte Energie von dem In- 
duktor abgeleitet wird, bis der Induktorstrom Null erreicht; und 

eine Einrichtung zum AnIegen einer StQtzspannung (Vss). die ungefahr den halben Wert des Spannungspe- 
gels (Vcc) hat, den die Anzeigekapazitat nach dem Laden erreicht. 

Schaltung nach Anspruch 4, die ferner folgendes aufweist: eine Einrichtung (SI, S3) zum Begrenzen des Span- 
nungspegels der Anzeigekapazitat, wenn der Induktorstrom wahrend des Ladens der Anzeigekapazitat Null er- 
reicht; 

eine zweite Einrichtung (S2. S4) zum Begrenzen des Spannungspegels der Anzeigekapazitat, wenn der Induk- 
torstrom wahrend des Entladens der Anzeigekapazitat Null erreicht. 

Schaltung nach Anspruch 5, wobei die erste und die zweite Einrichtung zum Begrenzen Elemente (Cdl. Cd2) 
aufweisen, die in Abhangigkeit davon. daB der Induktorstrom Null erreicht, die Begrenzung unabhangig von An- 
derungen der Werte des Induktors oder der Anzeigekapazitat bewirken. 
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7. Schaltung nach Anspruch 4, 5 Oder 6. wobei die Ladeeinrichtung eine erste Schalteinrichtung (SI) aufweist. die 
mit dem Induktor (L) gekoppelt ist, um der Anzeigekapazitat (Cp) zu ermoglichen, sich durch den Induktor von 
einem ersten Spannungspeget aufzuladen, und zwar (a) anfanglich auf einen Zwischen-Spannungspegelwert, der 
ungefahr der halbe gewQnschte Spannungspegelwert ist, wahrend gleichzeitig Energie in dem Induktor gespei- 
chert wird, und (b) dann auf den gewQnschten Spannungspegelwert, wahrend gleichzeitig die gespeicherte Energie 
von dem Induktor abgeleitet wird; und die Entladeeinrichtung eine zweite Schalteinrichtung (82) aufweist. die mit 
dem Induktor (L) gekoppelt ist, um der Anzeigekapazitat zu ermoglichen. sich durch den Induktor von dem ge- 
wQnschten Spannungspegelwert zu entladen, und zwar (a) anfanglich auf einen Zwischen-Spannungspegelwert, 
der ungefahr der halbe gewQnschte Spannungspegelwert Ist, wahrend gleichzeitig Energie in dem Induktor ge- 
speichert wird, und (b) dann auf den ersten Spannungspegelwert, wahrend gleichzeitig die gespeicherte Energie 
von dem Induktor abgeleitet wird. 

8. Schaltung nach einem der AnsprQche 4 bis 7, die f emer folgendes aufweist: Schaiteinrtehtungen (SI -S4), um die 
Anzeigekapazitat in einem geladenen Zustandzu hatten, nachdem die Anzeigekapazitat vor dem Entladen geladen 
wurde, und/oder Schalteinrichtungen (SI -84), um die Anzeigekapazitat nach dem Entladen oder dann, wenn der 
Induktorstrom Null erreteht, und vor dem emeuten Laden der Anzeigekapazitat diese in einem entladenen Zustand 

zu halten. 

9. Schaltung nach Anspruch 6, wobei die Einrichtung zum Halten der Anzeigekapazitat in einem geiadenen Zustand 
Mittel aufweist, um den Spannungspeget (Vp) der Anzeigekapazitat zu laden, wenn der Induktorstrom wahrend 
des Ladens der Anzeigekapazitat Null erreicht, und wobei die Einrichtung zum Halten der Anzeigekapazitat in 
einem entladenen Zustand Mittel (S2, S4) aufweist. um den Spannungspegel der Anzeigekapazitat zu begrenzen, 
wenn der Induktorstrom wahrend des Entladens der Anzeigekapazitat (Cp) Null erreicht. 



Revendications 

1 . Proc6d6 permettant d'entretenir des cellules et des dl^ments d'image de panneaux h plasma, panneaux afficheurs 
k plasma, panneaux ^lectroluminescents ou panneaux k cristaux Ik^uides ayant des Electrodes de panneau et 
une capacity de panneau correspondante dans lesquels I'adresse des cellules et/ou didments d'image est ddfinie 
par rintersection d'dlectrodes d'adressage respectives dans des matrices respectives d'dlectrodes d'adressage 
(de dimensions X et Y), ledit proc^S emptoyant une inductance (L) et dtant caract^risE par les dtapes consistent d : 

charger la capacit6 du panneau (Cp) par I'interm6diaire de ladite inductance (L), inltialement en stockant de 
I'dnergie dans ladite inductance (L) jusqu'd ce que la grandeur du courant dans I'inductance attetgne un maxi- 
mum, et deuxi^mement en retirant de I'^nergle de ladite inductance jusqu*^ ce que le courant dans I'inductance 
devienne nul ; 

dteharger la capacity du panneau (Cp) par I'intermddlaire de ladite inductance (L), inltialement en stockant 
de i'energie dans ladite inductance jusqu'^ ce que la grandeur du courant dans I'inductance atteigne un maxi- 
mum, etdeuxi^mement en retirant de r^nergiede ladite inductance jusqu'^ ce que le courant dans I'inductance 
devienne nul : 

ladite charge et/ou ddcharge de la capacity du panneau comprenant ['application d'une tension de for9age 
(Vss) qui est egale k environ la mo\X\6 de la grandeur du niveau de tension (Vcc) attaint par la capacity du 
panneau aprds la charge. 

2. Proc6d6 selon la revendk:ation 1 , comprenant en outre les stapes conststant, aprds avoir chargd/d6charge la 
capacity du panneau, k matntenir la capacity du panneau dans un dtat charg^dtehargE avant de charger/ddchar- 
ger k nouveau la capacity du panneau (Cp). 

3. Procddd selon la revendication 2, dans lequel I'Etape consistant ci maintenir la capacity du panneau k t'6tat charge 
comprend la fixation du niveau de tension (Vcc) de la capacite du panneau (Cp) lorsque le courant dans i'inductance 
atteint z6ro, et dans lequel I'^tape consistant k maintenir la capacite du panneau (Cp) k \*6taX d6charg6 avant de 
la charger k nouveau comprend la fixation du niveau de tension (Vcc) de la capacity du panneau lorsque le courant 
dans rinductance devient nul. 

4. Circuit pour entretenir des cellules et des Elements d'innage de panneaux k plasma, panneaux afficheurs k plasma, 
panneaux Electroluminescents ou panneaux k cristaux liquides ayant des Electrodes de panneau et une capacity 
de panneau correspondante dans lesquels I'adresse des cellules et/ou Elements d'image est dEfinie par I'inter- 
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section d'^lectrodes d'adressage respectives dans des matrices respectives d'dlectrodes d'adressage (de dimen- 
sions X et Y). comprenant une inductance (L) coupl^e aux Electrodes du panneau et un circuit de commande 
coupl6 ^ I'inductance (L) afin de faire fonctionner le panneau afficheur par I'interm6diaire de I'inductance (L), 
caract^risE en ce que 

le circuit de commande comprend des moyens (Vss. SI d S4) adaptds pour charger la capacitd du panneau 
par llntenmddiaire de ladite inductance (L), initialement en stockant de Pdnergie dans ladtte inductance jusqu'^ ce 
que la grandeur du courant dans {'inductance atteigne un nmimum. et deuxidmement en retirant de rdnergie de 
fadite inductance jusqu'^ ce que le courant dans I'inductance devienne nul ; 

des moyens (Vss, SI ^ S4) adapt6s pour d6charger la capacit6 du panneau par rintenriEdiaire de ladite 
inductance (L). initialement en stoclcant de I'dnergie dans ladite inductance jusqu'^ ce que la grandeur du 
courant dans I'inductance atteigne un maximum, et deuxl^mement en retirant de I'^nergie de ladite inductance 
jusqu'd ce que le coureuit dans Tinductance devienne nul ; et 

des moyens pour appliquer une tension de for^age (Vss) qui est 6ga\e k environ la moitid de la grandeur du 
niveau de tension (Vcc) atteint par la capacity du panneau aprds la charge. 

Circuit selon la revendication 4, comprenant en plus des moyens (S1 . S3) pour fixer le niveau de tension de la 
capacity du panneau lorsque le courant dans I'inductance devient nul lors de la charge de la capacity du panneau ; 

des seconds moyens (S2. S4) pour fixer le niveau de tension de la capacity du panneau lorsque le courant 
dans I'inductance devient nul lors de la ddcharge de la capacity du panneau ; 

Circuit selon la revendication 5, dans lequel lesdits premiers et seconds moyens de fixation du niveau de tension 
comprennent des moyens (Cdl . Cd2) rdpondant au courant dans I'inductance devenant nul afin de foumir ladite 
fixation du niveau de tension Inddpendamment des variations des valeurs de ladtte inductance ou de ladite capacity 
du panneau. 

Circuit selon les revendications 4, 5 ou 6, dans lequel lesdits moyens de charge comprennent des premiers moyens 
de commutation (S1 ) couplds d ladite inductance (L) afin de permettre k ladite capacite du panneau (Op) de se 
charger par i'interm^diaire de ladite inductance k partir d'un premier niveau de tension (a) initialement k une valeur 
de niveau de tension interm^diaire qui est 6ga\e k environ la moitid de la valeur de niveau de tension souhaitde, 
tout en stockant de I'^nergie dans ladite inductance, et (b) ensuite k ladite valeur de niveau de tension souhattde» 
tout en retirant ladite dnergie stock^e de ladite inductance ; et lesdits moyens de ddcharge comprennent des 
seconds moyens de commutation (82) couples k ladite inductance (L) afin de permettre k ladite capacity du pan- 
neau de se d^charger k partir de ladite valeur de niveau de tensksn souhalt^e (a) initialement k une valeur de 
niveau de tensbn intermddiaire qui est dgale k environ la moitid de la valeur de niveau de tension souhait^e. tout 
en stockant de I'^nergie dans ladite inductance, et (b) ensuite k ladite premldre valeur de niveau de tensbn, tout 
en retirant ladite dnergie stockde de ladite inductance. 

Circuit selon I'une quelconque des revendications 4k7, comprenant en outre des moyens de commutatbn (S1 - 
84) pour maintenir la capacitd du panneau k I'^tat charge aprks avoir chargd la capacity du panneau avant la 
ddcharge et/ou des moyens de commutatton (81 - 84) pour maintenir la capacitd du panneau k I'dtat dtehargd 
aprds la ddcharge ou lorsque le courant dans Trnducteur devient nul et avant de charger k nouveau la capacity 
du panneau. 

Circuit selon la revendication 6, dans lequel lesdits moyens de maintien de la capacity du panneau k I'^tat chargd 
comprennent des moyens pour fixer le niveau de tension (Vp) de la capacity du panneau lorsque le courant dans 
I'inductance devient nul pendant la charge de la capacity du panneau, et dans lequel lesdits moyens de maintien 
de la capacity du panneau k I'Etat d6charg6 comprennent des moyens (82, 84) pour fixer le niveau de tension 
(Vp) de la capacity du panneau torsque le courant dans I'inductance devient nul pendant la dteharge de la capacity 
du panneau 
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